BACKGROUND/OBJECTIVES: High vitamin A intake may be associated with a decreased bone mineral density (BMD) and increased risk of fractures. Our objectives were to study whether dietary intake of vitamin A (total, retinol or beta-carotene) is associated with BMD and fracture risk and if associations are modified by body mass index (BMI) and vitamin D. SUBJECTS/METHODS: Participants were aged 55 years and older (n = 5288) from the Rotterdam Study, a population-based prospective cohort. Baseline vitamin A and D intake was measured by a food frequency questionnaire. BMD was measured by dual-energy X-ray absorptiometry at four visits between baseline (1989-1993) and 2004. Serum vitamin D was assessed in a subgroup (n = 3161). Fracture incidence data were derived from medical records with a mean follow-up time of 13.9 years. RESULTS: Median intake of vitamin A ranged from 684 retinol equivalents (REs)/day (quintile 1) to 2000 REs/day (quintile 5). After adjustment for confounders related to lifestyle and socioeconomic status, BMD was significantly higher in subjects in the highest quintile of total vitamin A (mean difference in BMD (95% confidence interval (CI)) = 11.53 (0.37-22.7) mg/cm 2 ) and retinol intake (mean difference in BMD (95% CI) = 12.57 (1.10-24.05) mg/cm 2 ) than in the middle quintile. Additional adjustment for BMI diluted these associations. Fracture risk was reduced in these subjects. Significant interaction was present between intake of retinol and overweight (BMI 425 kg/m 2 ) in relation to fractures (P for interaction = 0.05), but not BMD. Stratified analysis showed that these favourable associations with fracture risk were only present in overweight subjects (BMI 425 kg/m 2 ). No effect modification by vitamin D intake or serum levels was observed. CONCLUSIONS: Our results suggest a plausible favourable relation between high vitamin A intake from the diet and fracture risk in overweight subjects, whereas the association between vitamin A and BMD is mainly explained by BMI.
INTRODUCTION
Adequate nutrition is an important modifiable factor for maintaining bone mineral density (BMD). Although the emphasis in previous studies has been on the intake of calcium and vitamin D, other micronutrients such as vitamin A have also been suggested to have a role in bone remodelling. 1 Through diet, vitamin A can be consumed as preformed retinol or as one of the pro-vitamins A: alpha-carotene, beta-carotene or betacryptoxanthin. 2 Preformed retinol is mainly present in foods from animal origin, such as liver, dairy products and eggs, whereas the pro-vitamins are abundant in foods from plant origin such as fruits and vegetables. 3 Results from observational studies have raised the concern that high dietary intake of vitamin A, above 1500 retinol equivalents (REs) per day, may be associated with 10% lower BMD and up to two times higher fracture risk compared with intakes of 800-1000 RE per day. [4] [5] [6] In addition, data from the Rancho Bernardo Study showed a U-shaped relationship between retinol intake and BMD loss in the elderly. 7 It has been discussed that potential harmful effects of vitamin A may be driven by the preformed retinol and not by beta-carotene, potentially because the human body converts beta-carotene into retinol only if there is a higher demand, for example, if the dietary intake of retinol is very low. 8, 9 Also, they may be driven by supplemental rather than dietary intake. 4 Animal studies indicate that retinoic acid, the biologically active form of vitamin A, inhibits osteoblast activity and mineralization and stimulates osteoclast formation. 10, 11 In addition, vitamin A diminishes the ability of vitamin D to increase calcium absorption. 12 Therefore, negative associations of high vitamin A intake with bone-related outcomes may vary across vitamin D intake levels or plasma concentrations. Data from the Women's Health Initiative Study supported this hypothesis by showing an increased fracture risk in women with a high intake of retinol (2500 μg/day) in combination with low vitamin D intake (o 11 μg/day) only. 13 Also, it was shown that risk of osteoporosis was highest in Spanish postmenopausal women with high retinol plasma concentrations combined with vitamin D deficiency. 14 Body mass index (BMI) is another important determinant of BMD. 15 Several studies reported overweight to be positively associated with higher BMD, through increased mechanical loading. 16, 17 On the other hand, it could be speculated that the effects of vitamin A intake on BMD are different in overweight than in normal weight subjects, as plasma concentrations of fat-soluble vitamins were shown to be significantly reduced in overweight subjects (with BMI 425 kg/m 2 ). 18 Most studies on vitamin A and bone health have been carried out in (postmenopausal) women but studies in men are scarce. The primary aim of our study was to assess whether dietary intake of total vitamin A, retinol or beta-carotene is associated with BMD and fracture risk in Dutch elderly males and females. The secondary aim was to assess whether there is any interaction between dietary vitamin A intake and vitamin D intake or status or BMI in these associations.
MATERIALS AND METHODS The Rotterdam Study
This study was embedded in the Rotterdam Study, a prospective, population-based cohort study among Dutch subjects aged 55 years and older living in the Ommoord district in Rotterdam, The Netherlands. Both the objectives and the study design have been described in detail previously. 19 Subjects were invited to participate from January 1990 onwards (response rate 78%). Between 1990 and 1993 a baseline home interview on medical history, risk factors for chronic diseases and medication use and information on age at menopause was taken by trained interviewers. The Rotterdam Study has been approved by the institutional review board (medical ethics committee) of the Erasmus Medical Center and by the review board of The Netherlands Ministry of Health, Welfare and Sports. 19 
Assessment of dietary intake
All participants were interviewed at baseline for food intake assessment using an extensive semiquantitative food frequency questionnaire (FFQ) at the study centre by a trained dietician. The questionnaire was validated and adapted for use in the elderly. [20] [21] [22] It consists of 170 food items in 13 food groups and questions about dietary habits. The ability of the FFQ to rank subjects adequately according to their dietary intakes was demonstrated by a validation study comparing the FFQ with 15-day food records collected over a year to cover all seasons. Pearson's correlation coefficients of this comparison ranged from 0.4 to 0.8 after adjustment for sex, age, total energy intake and within-person variability in daily intakes. 22 The dietary intake of nutrients was calculated using the Dutch Food Composition Database (NEVO) from 1993, 1998 and 2006. Beta-carotene and consequently total vitamin A data were updated in 2004 by the Dutch Institute for Public Health and the Environment, 23 by re-estimating REs for all foods in the Dutch Food Composition Database (NEVO). The effects of retinol and beta-carotene are studied both separately and combined in the variable 'total vitamin A' as REs. Intake of RE was calculated using the following equation: RE = μg retinol+(μg β-carotene/6)+(μg α-carotene/12) +(μg β-cryptoxanthin/12). We used RE for our main analyses, to be able to compare our results with previous work. In addition, we calculated total vitamin A in retinol activity equivalents (RAEs), using the following equation: RAE = μg retinol+(μg β-carotene/12)+(μg α-carotene/24)+ (μg β-cryptoxanthin/24). This RAE value takes into account more recent insights regarding bio efficacy of the pro-vitamin A carotenoids. [23] [24] [25] [26] Data on dietary supplement use were collected separately from the FFQ during the home interview. Dietary supplement use was not included in the calculation of dietary intake but used in sensitivity analysis (see 'Statistical analysis').
'Energy-adjusted' nutrient intakes were computed as the unstandardized residuals from a linear regression model in which total caloric intake served as the independent variable and the nutrient intake as the dependent variable. 27 Energy-adjusted intakes were divided into quintiles for all nutrients (total vitamin A, retinol and beta-carotene).
Assessment of BMD and fractures
BMD of the femoral neck was measured using dual-energy X-ray absorptiometry using a Lunar DPX-densitometer (Lunar Radiation Corp., Wadison, WI, USA) and analysed with DPX-IQ software at four visits between 1989 and 2004. BMD values are expressed in g/cm 2 .
Fractures were reported by general practitioners in the research area (covering 80% of the cohort) by means of a computerized system. All reported events were verified by two trained research physicians, who independently reviewed and coded the information according to the International Classification of Primary Care (ICPC) and International Classification of Diseases, 10th edition (ICD-10). Fractures included those of radius/-ulna (ICPC: L72, ICD-10: S52.0-52.9), tibia/-fibula (ICPC: L73, ICD-10: S82.0-82.9), hand/-foot (ICPC: L74, ICD-10: S62.0-52.9 and S92.0-92.0), femur (ICPC: L75, ICD-10: S72.0-72.9) and other fractures (ICPC: L76, ICD-10: S02.0-02.9, S12.0-12.9, S22.0-22.9, S32.0-32.8, S42.0-42.9, T08, T10, T12, T14.2 and M84.3-M84.9). Subsequently, inconsistently coded events were reviewed by a medical expert for final classification. Subjects were followed from their baseline visit until January 2007 or until a first fracture occurred, resulting in a mean fracture follow-up of 13.9 (± 0.69) years.
Assessment of covariates
Weight and height were measured at the baseline visit (1989) (1990) (1991) (1992) (1993) at the research centre. BMI was calculated as weight in kilograms divided by height in metres squared. Smoking habits were coded as 'current' or 'past or never'. Dietary intake of calcium, vitamin D and alcohol were obtained similarly using the FFQ as described previously. Socioeconomic status was estimated using education level and net household income. Highest education level was classified as 'lower' (primary, primary plus higher not completed, lower vocational, lower secondary) or 'higher' (intermediate vocational, general secondary, higher vocational or academic). Net income was classified as 'low' ( o2400) or 'high' (42400) Dutch Florins (≈1600 euro's) per month. Disability index was coded 0-3 and is a combined variable reflecting subject's ability to perform dressing, rising, eating, walking, hygiene, reach and grip activities, based on the Stanford Health Assessment Questionnaire. 28 Age at menopause was defined as the age at which the menstrual cycle was absent for 12 months and use of female hormones (hormone replacement therapy) was coded as 'ever' or 'never' and collected at the second visit (1993) (1994) (1995) . Physical activity was defined in total minutes of activity per week, including household activities and collected at the third visit (1997-1999) using the Zutphen Questionnaire and LASA Questionnaire. [29] [30] [31] 
Assessment of vitamin D status
At the third visit (1997-1999), radioimmunoassays (IDS Ltd, Boldon, UK, available at www.idsltd.com) were used to measure serum vitamin D concentrations. Serum 25-hydroxyvitamin D (25(OH)D) were measured in a subgroup of participants (n = 3171). The sensitivity of the test was 3 nmol/l, which ranged from 4 to 400 nmol/l. Intra-assay accuracy was o8% and the inter-assay accuracy was o12%. Subjects were classified to be vitamin D deficient (o 50 nmol 25(OH)D3/l), insufficient ( ⩾50 ando75 nmol/l) or sufficient (⩾75 nmol/l). 32 
Statistical analysis
The associations between energy-adjusted dietary intake of total vitamin A, retinol, beta-carotene and BMD were determined by generalized estimating equation modelling using BMD of the femoral neck at four visits between 1993 and 2004 as the outcome. Associations with fracture risk were estimated by Cox proportional hazard modelling. All exposure variables (total vitamin A, retinol and beta-carotene) were assessed in separate models, continuously and in quintiles, and adjusted for potential confounding by age and sex (model 1). We have performed analysis in quintiles to correct for the measurement error of the FFQ 22 and to facilitate comparisons of the effects of the extreme intakes (fifth and first quintile) to the average intake (third quintile) of vitamin A in our population. Potential confounders were selected according to previous literature and univariate analyses. Subsequently, additional confounding by smoking, dietary calcium intake, alcohol intake, education, net income, disability index and physical activity was tested (model 2). As BMI can be a confounder as well as an effect modifier, the potential role of BMI in the associations between vitamin A intake and BMD or fracture risk was explored using two approaches. First, we have added BMI as an additional covariate to our multivariable models (model 3). Second, we tested for effect modification by adding interaction terms of the exposures (that is, vitamin A, retinol or beta-carotene) with BMI (as continuous variable) or overweight status ('overweight' defined as BMI 425 kg/m 2 based on cut-offs of the WHO) 33, 34 together with BMI or overweight status as independent variables to a model adjusted for age and sex. Effect modification by vitamin D intake or status was tested similarly, using the interaction terms of the exposure with vitamin D intake or status as continuous variables. Stratified analyses were performed if the P-value for interaction was o0.10. Strata were computed based on the WHO cut-off for BMI (below and equal to 25 kg/m 2 or above 25 kg/m 2 ) and based on the median for vitamin D. For the analysis on incident fractures, baseline BMD was added to the model to assess whether the associations were explained by BMD (model 4). Analyses regarding vitamin D status were additionally adjusted for centre visit, to correct for seasonal influences.
Missing data on covariates were multiple imputed (n = 5 imputations; Supplementary Tables 1 and 2 ). As results did not differ before and after the imputation procedure, all analyses are reported after the multiple imputation procedure.
Although no detailed data on dietary supplement use was available, several sensitivity analyses were performed to assess whether supplement use could influence our results. First, we have added the use of any dietary supplement over the past year as an additional covariate to our main analysis (using model 2). Second, we have excluded all subjects that reported to use any vitamin A-containing supplement (of unknown dosage of either retinol or carotenoids and for unknown duration, n = 59).
Statistical analyses were performed by IBM SPSS statistics version 20 (Armonk, NY, USA). For all analyses, P-values of o0.05 were considered statistically significant.
RESULTS

Study population
The study population consisted of 2172 male and 3116 female elderly subjects. A flowchart showing sample sizes for our main analysis is shown in Figure 1 . Baseline characteristics including anthropometrics, dietary intake and covariates are presented in Table 1 per quintile of total vitamin A intake. Median (interquartile range) dietary intake of vitamin A ranged from 684 (568-793) RE in the lowest quintile to 2000 (1712-2485) RE in the highest quintile. Correlation between dietary intake of retinol and betacarotene was 0.026. The contribution of preformed retinol, beta-carotene and other carotenoids to total vitamin A intake were 41%, 50% and 9% respectively. Dietary intake of all vitamin A variables were significantly correlated with total energy intake (Pearson's r = 0.24 for total vitamin A, 0.23 for retinol and 0.10 for beta-carotene). Median (± s.d.) of femoral neck BMD in males and females per follow-up visit are shown in Supplementary Figure 1 .
Between baseline (1989) (1990) (1991) (1992) (1993) and last follow-up visit, mean BMD decreased in females ( −2.5%), but less in males (−0.2%).
Average follow-up was 13.9 (±0.69) years. Overall, fracture incidence was approximately threefold higher in females than in males. The majority of all fractures (89% in males, 92% in females) was of osteoporotic origin (defined as any type of fracture excluding high trauma and those at skeletal sites like skull, fingers, toes and ribs likely caused by trauma) and 22% of all fractures occurred at the hip. Fifteen percent of the participants (n = 802) had a history of fractures 5 years before study entrance.
Associations between dietary intake of vitamin A, retinol, beta-carotene and BMD Regression coefficients and 95% confidence intervals (CIs) of the association between dietary intake of total vitamin A, retinol, beta-carotene and BMD are shown in Table 2 . Dietary intake of total vitamin A was associated with a higher BMD, which remained significant after adjustment for age, gender, calcium intake, smoking, disability index, smoking, income and education, physical activity and use of hormone replacement therapy and age at menopause (β (95% CI) = 0.46 (0.00-0.91) mg/cm 2 BMD per 100 RE) for total vitamin A. For beta-carotene, positive associations with BMD disappeared after adjustment for confounders. For preformed retinol, no significant associations were found in continuous analyses. However, categorical analysis showed that BMD of subjects with intakes in highest quintile of retinol (Q5) was significantly higher than BMD of subjects with intakes in the middle quintile (Q3, reference, β (95% CI) = 12.57 (1.10-24.05)). Median dietary intakes of all vitamin A variables per quintile are shown in Supplementary Table 3 . Results were diluted after additional adjustment for BMI in continuous (Table 2, model 3) and categorical analyses (Figure 2a ).
Associations between dietary intake of total vitamin A, retinol, beta-carotene and fracture risk Cox proportional hazard ratios and 95% confidence intervals of the association between dietary intake of vitamin A, retinol and beta-carotene and risk of all fractures using model 3 are shown in Figure 2b . Significantly lower fracture risks were observed in subjects with intakes in the highest quintile (Q5) compared the Dietary vitamin A and bone in elderly middle quintile (reference, Q3) of total vitamin A (hazard ratio (95% CI) = 0.82 (0.69-0.97)) and retinol (hazard ratio (95% CI) = 0.81 (0.68-0.96)). These effects remained significant after additional adjustment for BMI ( Figure 2b ). However, effects were diluted and lost significance after additional adjustment for baseline BMD.
Interaction with overweight status At baseline, 61% of the participants (n = 3244) had a BMI of 425 kg/m 2 . No significant interaction was found between total vitamin A, retinol or beta-carotene and overweight status (P for all interactions 40.32) or BMI as continuous variable (P for all interactions 40.18) in relation to BMD.
In relation to fracture risk, interaction was observed between intake of total vitamin A and retinol with overweight status as well as with BMI as continuous variable (P for all interactions o0.06). These interactions with BMI were not present for beta-carotene. After adjustment for confounders and BMI (model 3), stratified analysis showed a significant lower fracture risk (Figure 3a) in subjects in the highest quintile of retinol intake only in those with a BMI 425 kg/m 2 (hazard ratio (95% CI) = 0.78 (0.68-0.89) versus 1.04 (0.87-1.24) with BMI ⩽ 25 kg/m 2 ). These results were diluted but remained significant after additional adjustment for baseline BMD (Figure 3b ). The lowered risk of fractures in subjects with high BMI was also observed in those with high intake of total vitamin A, but not beta-carotene ( Supplementary Figures 2a and b) .
Interaction with vitamin D intake Significant interaction was observed between dietary intake of vitamin D and total vitamin A (P for interaction = 0.016) as well as beta-carotene (P for interaction = 0.001) in relation to BMD. However, stratified analysis for dietary vitamin D intake above or below the median of 3.2 μg per day, using model 3, did not show significant associations between total vitamin A or betacarotene intake and BMD in any of the strata (Figures 4a and b) . In relation to fractures, no significant interaction was found between total vitamin A, retinol or beta-carotene and vitamin D intake (P for all interactions 40.45).
Interaction with vitamin D plasma concentrations
Vitamin D concentrations in serum were available for 1294 males and 1867 females. Twenty-five percent of males and 39% of females were vitamin D deficient (o 50 nmol 25(OH)D3/l) and only 42% of males and 24% of females had sufficient (⩾75 nmol/l) vitamin D plasma concentrations. No significant interactions between dietary intake of vitamin A and vitamin D plasma concentrations were present in relation to BMD or fracture risk (P all interactions 40.31).
Sensitivity analyses
Sensitivity analyses showed that additional adjustment for use of any dietary supplements as well as exclusion of any vitamin Figure 2 . Associations with BMD (a) and fracture risk (b) comparing quintiles of dietary intakes of energy-adjusted total vitamin A, retinol and beta-carotene with quintile 3 as reference. Regression coefficients represent the difference in BMD (mg/cm 2 ) of each quintile to the reference. Considering a median population BMD of 0.90 g/cm 2 , a regression coefficient of 10 represent a 1% higher BMD. See Supplementary Table 3 for median intakes per quintile. Model 3: adjustment for age, sex, calcium intake, smoking, disability index, net income, highest education level, physical activity, alcohol intake, BMI and for women only HRT use, age at menopause. Abbreviations: BMD, bone mineral density; HRT, hormone replacement therapy.
Dietary vitamin A and bone in elderly
A-containing supplement use during the past year did not change the effect estimated of our main analyses (data not shown).
DISCUSSION
In this prospective study among elderly males and females, we showed that high dietary intake of vitamin A was associated with a higher BMD and lower fracture risk. However, favourable associations with BMD disappeared after adjustment for BMI. The relation with fracture risk was only present in overweight subjects. Also, our results suggest that the association between vitamin A intake and fracture risk is explained by differences in BMD. No effect modification by either vitamin D intake or status was observed.
Our observed association between high vitamin A intake and low fracture risk was mainly explained by high intake of retinol and not beta-carotene. We speculate that vitamin A status of our population was sufficient and therefore the conversion of beta-carotene into retinoic acid may have been too limited to exert effects on bone. Furthermore, variation in bioavailability of beta-carotene because of differences in food matrices may have affected our results. 8, 9 Comparisons with other studies Our observed association between dietary intake of retinol and high BMD are not in line with earlier findings by Promislow et al. 7 who found a similar association in Californian women that derived their vitamin A intake from food products only but independent of BMI, whereas the favourable associations with BMD in our study diluted after adjustment for BMI. With respect to fracture risk, we have not been able to confirm earlier findings by Feskanich et al., 4 who showed an increased risk for hip fracture in the highest quintile of retinol intake from food among postmenopausal women from the Nurse's Health Study (NHS). Possibly, absolute intake of retinol in the NHS is higher than in the Rotterdam Study, Figure 3 . Associations between energy-adjusted dietary intake of retinol and fracture risk in strata of BMI, using quintile 3 as reference in model 3 (a) and model 4 (b). Model 3: adjusted for age, sex, calcium intake, smoking, disability index, net income, highest education level, physical activity, alcohol intake and for women only HRT use, age at menopause and BMI. Model 4: model 3, additionally adjusted for BMD. See Supplementary Table 3 for median intakes per quintile. Abbreviations: HRT, hormone replacement therapy; BMI, body mass index; BMD, bone mineral density.
or retinol intake may be derived from different food products in the United States than in the Netherlands, because of countryspecific food fortification or dietary habits. For example, in the NHS milk is reported as reasonable source of vitamin A intake, whereas in our population, vegetable oils and meat are more important sources. Also the lower calcium intake in NHS that may result in lower BMD may explain differences in fracture risk observed in NHS versus RS.
It can be argued that BMI is a confounder as well as an effect modifier in our analyses. Additional adjustment for BMI diluted any association of vitamin A with BMD, but not with fracture risk. Further analyses stratified for BMI categories showed that the positive association between vitamin A intake and fracture risk was only present in overweight and not in normal weight subjects. Potentially, more vitamin A can be stored in fat tissue of subjects with a high BMI and therefore less retinoic acid is available for osteoblast inhibition or osteoclast formation. In other words, high BMI may protect against the unfavourable effects of excess vitamin A intake on bone. As intake levels of vitamin A in our study are not extremely high, one could even hypothesize that high BMI creates a very mild vitamin A deficiency, which could explain the favourable relation of high intake with fracture risk in this subgroup. Second, subjects with higher BMI have higher mechanical loading, thereby affecting bone health. Hence, further studies should clarify the role of BMI in the association between vitamin A and BMD.
Our stratified analysis by vitamin D status did not confirm earlier results from the Women's Health Initiative showing only a modest increase in total fracture risk with high vitamin A and retinol intakes in the low vitamin D intake group. 13 However, variation in vitamin D intake in our population may have been too small to detect an effect in the strata. It has been shown in rats that vitamin A antagonizes the ability of vitamin D to enhance calcium uptake. 35 The importance of low vitamin A intake for beneficial effects of vitamin D and calcium has also been described in relation to other health outcomes. 36 Replication in larger vitamin D status samples would be necessary to further explore this interaction and its potential interplay with dietary calcium intake or source. Also complementary interactions, synergistic or antagonistic, could have a role in optimizing BMD and reducing . Associations between energy-adjusted dietary intake of total vitamin A (a) or beta-carotene (b) and BMD in strata of dietary vitamin D intake (above or below the median of 3.2 μg/day, using model 3. Model 3: adjusted for age, sex, calcium intake, smoking, disability index, net income, highest education level, physical activity, alcohol intake, BMI and for women only HRT use, age at menopause. Abbreviations: HRT, hormone replacement therapy; BMI, body mass index; BMD, bone mineral density. fracture risk. Full dietary pattern analysis in this traditional Dutch population may provide further insights. In addition to earlier studies comparing dietary with supplemental vitamin A, a comparison of different vitamin A fortified food products, for example, milk versus margarine, would also provide extra insights in these potential nutrient interactions, in line with previous recommendations by Rejnmark et al. 37 
Implications
Currently, a debate is ongoing on the potential safe upper levels of vitamin A. The current level is at 3000 RE/day, 38 but it has been suggested that adverse effects with respect to bone already occur at lower intake levels of 1500 RE/day. Our findings do no support this hypothesis. However, we recognize that our analyses are limited to average dietary intake levels, with a median intake of approximately 2200 RE in the highest quartile, and that the (excessive) use of dietary supplements, which can provide up to 5700 RE per day may provide harmful effects with respect to BMD and fracture risk as shown in earlier studies. 39 Hence, studies on extremely high intake of vitamin A deserve further attention.
Strengths and limitations of the study Our analysis has several strengths. First, we have a large sample size of community-dwelling subjects that increases the external validity of our results. Second, we were able to test for potential confounding effects of an extensive list of covariates. Third, in addition to dietary intake data we had data on vitamin D plasma concentrations, which is a better reflection of vitamin D status than assessed from diet. To appreciate our findings, some limitations need to be taken into account. Unfortunately, we did not have extensive information on physical exercise at baseline, which is a suggested determinant of BMD in the elderly. 40 However, by adjusting for disability index and physical activity at the third visit (1997-1999) we attempted to diminish confounding by physical activity but residual confounding still may be present. Although we calculated dietary intake levels of vitamins by using a validated FFQ and we used most recent food composition tables, measurement error may still be present. Although we adjusted the results for total energy intake to account for systematic measurement error, random error still may be present that may have diluted our results. 41 We did not have data on plasma concentrations of vitamin A, which could have provided additional insight on vitamin A metabolism and interaction with vitamin D. We did not record specific supplement use, but other studies showed that the percentage of Dutch elderly using vitamin A supplements in the early 1990s was very low (o1%). 42 We therefore do not expect our results to be largely biased by supplement use. Finally, we only had BMD data of the femoral neck and not of other sites of the body.
CONCLUSIONS
Our results do not support earlier findings that high vitamin A intake unfavourably affects BMD and fracture risk, but in contrast suggest that a favourable relation between high vitamin A intake and fracture risk may exist in overweight subjects, whereas the association between vitamin A and BMD is mainly explained by BMI. No effect modification by vitamin D intake or plasma concentrations was observed. Further studies are needed to understand the interaction between vitamin A and vitamin D, as well as the interplay with BMI in relation to BMD and fracture risk.
